This paper studies the global exponential synchronization of uncertain complex dynamical networks with delay coupling. The network model considered is general dynamical delay networks with unknown network structure and unknown coupling functions but bounded. Novel adaptive controllers are designed via the Lyapunov stability theory. Especially, it is shown that the controlled networks are globally exponentially synchronized with a given convergence rate. An example of typical dynamical network, having the Lorenz system at each node, has been used to demonstrate and verify the novel design proposed. And, the numerical simulation results show the effectiveness of proposed synchronization approaches.
Introduction

1
Over the past decade years, the analysis of complex systems from the viewpoint of networks has become an important interdisciplinary issue (Albert, 2002) . Complex networks have been intensively studied in many fields, such as social, biological, mathematical, and engineering sciences. Generally, a complex network is made up of interconnected nodes in which a node is a basic unit with detailed contents. These interactions between nodes determine many basic properties of a network. To well understand the complex dynamical behaviors of many natural systems, we need to study their operating mechanism, dynamic behavior, synchronous capabilities, anti-jamming ability, and so on.
Synchronization of complex dynamical networks has received a great deal of attentions from various fields of science and engineering (Albert, 2002; Pandit, 1999; Strogatz, 2001) . It is because network synchronization can not only explain many natural phenomena (Mirollo, 1990) but also has many applications, such as secure communication, synchronous information exchange in the internet and the synchronous transfer of digital signals in communication network (Barahonal, 2002; Almaas, 2002; Wang, 2003) . Synchronization of complex networks, particularly, large-scale networks of coupled chaotic oscillators has been extensively investigated in the fields of science and engineering (Wu, 2002; Belykh, 2004; Lü, 2004; Rangarajan, 2002) .
The properties of a complex network are mainly determined by its topological structures connections between nodes. In the current study of complex networks, most of the existing works on synchronization consider a given network, that is, the structure and the coupling functions of the network are known a priori (Barahonal, 2002; Wang, 2002; Hong, 2002; Boccaletti, 2006) . And an essential assumption is the uniform inner couplings in complex networks, which means that the inner coupling between arbitrary two linked nodes is the same (Belykh, 2004; Lü, 2004; Rangarajan, 2002; Wang, 2002; Hong, 2002; Boccaletti, 2006) . However, in practice, it is hard to get the exact estimation of the network structure and coupling strength. Therefore, it would be significant to study a general situation where the network coupling function and the network structure are unknown a priori. Fortunately, the synchronization in complex networks with unknown couplings and unknown network structure begins to attract scientists to study. Ref. (Li, 2004) shows several robust adaptive controllers for complex dynamical networks with unknown but bounded nonlinear couplings. Refs (Li, 2008; investigate adaptive synchronization of uncertain complex dynamical networks. However, the effects of delays on the network system dynamics have been ignored for simplification in the literatures. With regard to these most recent issues, our study is aimed at globally exponentially synchronizing uncertain complex dynamical networks with delay coupling via designing simple adaptive controllers.
In this paper, we study global exponential synchronization problems for uncertain dynamical networks with delay coupling. By using Lyapunov stability theory, adaptive exponential synchronization controllers are designed. Compared with some similar results (Li, 2008; , the adaptive controllers can ensure that the states of dynamical network are exponential synchronization. The proposed scheme has faster convergence rate. Simulation results illustrate the effectiveness of the proposed method.
Uncertain complex networks model and preliminaries
Consider an uncertain dynamical network consisting of N identical nodes with time-delay coupling, in which each node is an n-dimensional dynamical system. The state equations of the network are of the form
where (Rangarajan, 2002; Wang, 2002; Gao, 2006; Wang, 2008) . If
( ) H  is the inner coupling function between two linked nodes (Barahonal, 2002; Belykh, 2004; Liu, 2007) , the model is uniform nonlinear coupled. No matter which case is, the inner couplings in models of network are uniform. In fact, the coupling functions In this paper, the control objective is to make the states of network (1) globally exponentially synchronize to a manifold defined in (2) by introducing a simple adaptive controller into each individual node.
We assume that ( ) s t is an arbitrary desired state which can be an equilibrium point, a periodic orbit, an aperiodic orbit, or even a chaotic orbit in the phase space. Next, the rigorous mathematical definition of exponential synchronization for dynamical network (1) is introduced. ( , , , )
(Hereafter, denote || ||  as the Euclidean norm.) 
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Adaptive synchronization of controlled dynamical networks
In this section, we study the global exponential synchronization of delayed network (1) by designing adaptive controllers for each node. In order to achieve the objective on the manifold (2), let us define the error vector (3) from (1) yields the error dynamical system
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Then, the global exponential synchronization problem of the dynamical network (1) is equivalent to the problem of global exponential stabilization of the error dynamical system (6). In the following, we give several useful hypotheses.
Assumption 1 (A1). Suppose there exists a nonnegative constant  , satisfying
Assumption 2 (A2). For 
Theorem 1. Suppose that (A1) and (A2) hold. Then the delayed dynamical network (1) is globally exponentially synchronized under the set of controllers sup{ , , , , , , ,
  is the exponential rate available to be designed.
Proof: Select a Lyapunov function as follows (9), it follows that the error system (6) is globally exponentially stable at the equilibrium set 
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Via the similar proof operations, it can be shown that the synchronization error system will be globally exponentially stable with the controller (9). In a special case, if the coupling of network (1) is linear satisfying
( ) 
For linear coupling, (A2) is naturally satisfied. Thus, one gets the following corollary.
Corollary 1: Suppose that (A1) holds. Then the uncertain delayed dynamical network (11) is globally exponentially synchronized under the set of controllers (9).
Moreover for the coupling scheme 
Then one has Corollary 2: Suppose that (A1) holds. Then the uncertain delayed complex dynamical network (12) is globally exponentially synchronized under the set of controllers (9). Remark 1. Linearzing error system (6) around zero gives 
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the delayed dynamical network (1) is locally exponentially synchronized by the similar proof operations. Remark 2. By comparing with controllers in (Li, 2008; , the uncertain complex dynamical network with delay coupling can achieve the exponentially synchronization by above controllers in this paper, whereas by controllers previously reported in the literature (Li, 2008; ) the network only can achieved the asymptotically synchronization.
Numerical Simulation
In this section, one example is given for illustrating the proposed synchronization criteria. Consider a delayed dynamical network consisting of 30 identical Lorenz systems. Here, node dynamics is described by 
where, 10 10 0
In the example, the network system is defined as:
where 
Similar to refs. (Li, 2008; , since Lorenz chaotic system has a chaotic attractor which is confined to abounded region In these figures one can see all the synchronization errors can fast converge to zero. In fact, networks (15) achieve global synchronization with a given exponential rate. 
Conclusion
The problem of global exponential synchronization for uncertain complex dynamical network with unknown dynamics of nodes and unknown coupling functions is investigated. The complex network with decentralized controllers is considered as a large-scale nonlinear system. An adequate Lyapunov function is constructed to deal with the problem of controlled synchronization as to ensure the closed exponential stability. Several novel network exponential synchronization criteria have been proved by using Lyapunov stability theory. Decentralized adaptive controllers are designed to achieve global exponential synchronization for the delayed networks. Compared with some similar results, the proposed controllers can achieve quickly exponential synchronization. And a numerical simulation of coupled Lorenz system network is given, which demonstrates the effectiveness of the proposed methods.
